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INTRODUCTION 
It has been reported that benzocyclobutene 
(BCB), which is stable at room temperature, 
undergoes thermal isomerization to form highly 
reactive o-quinodimethane at more than 200 
ºC.1-6 The o-quinodimethane has been known as 
quite reactive species, which can undergo a 
Diels-Alder reaction with the double bond from 
another molecule in the presence of external 
dienophile.6-11 Whereas the o-quinodimethane 
also functions as dienophile when external 
dienophile is absent, leading to the production 
of dibenzocyclooctadiene and/or poly(o-
xylylene) via the spiro dimer by the self Diels-
Alder reaction (scheme 1).6,8-13 It has been 
known that the thermal isomerization of typical 
BCB requires the heating to above 200 ºC,14 
whereas some researchers have reported the 
lowering of the isomerization temperature by 
the introduction of electron-donating 
substituents on the cyclobutane ring of 
benzocyclobutenes.11,15 For example, the BCB 
derivatives bearing an ether moiety such as 
methoxy and vinyloxy groups can isomerize 
thermally around 120 ºC and then afford the 
corresponding o-quinodimethanes.16 Previously, 
we have synthesized the BCB bearing vinyl 
ether moiety on the cyclobutene ring and then 
the poly(vinyl ether) bearing BCB moiety in the 
side chain by using a cationic initiator. The BCB 
moiety in the side chain of poly(vinyl ether) was 
readily converted to the adduct with maleic 
anhydride and N-substituted maleimide by 
Diels-Alder reaction under mild condition.16 
Such polymers containing BCB derivatives which 
can be isomerized at low temperature have 
been developed as thermally stable materials 
and dielectrics.10 However, vinyl ether and allyl 
monomers are not preferred in the industrial 
ABSTRACT 
1-benzocyclobutenyl methacrylate (BCBMA) bearing methacrylate backbone has been synthesized,
and radical polymerization of the monomer was performed by utilizing 2, 2'-azobisisobutyronitrile
(AIBN) as initiator to result poly-BCBMA. Differential scanning calorimetry (DSC) measurement of the
derived poly-BCBMA reveled the lowering of thermal isomerization temperature from that of non-
substituted benzocyclobutene. The thermal decomposition temperature of BCBMA before and after
thermal treatment was confirmed by thermogravimetric analysis (TGA). The results of the TGA
observation did not show significant difference in both 5% and 10% weight loss temperature (Td5 and
Td10). This result suggests that the thermal conversion of the poly-BCBMA to the networked polymer
take place without thermal decomposition of the main chain based on the methacrylate framework.
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field because of the sluggish monomer toward 
radical polymerization.17-19 Harth and coworkers 
synthesized the polyacrylamide having 
benzocyclobutene moiety which was cross-
linked at 150 ºC.20 Ono and Pugh have reported 
synthesis of the methacrylate monomers having 
benzocyclobutene (BCBMA) and polymerization 
of their monomers by using the radical 
initiator.21 They have also studied the 
copolymerization of their monomers and 
methyl methacrylate by atom transfer radical 
polymerization (ATRP) method. The BCBMA will 
contribute in the field of electronic, optical, and 
heat resistance materials as a cross-linking 
agent, because the monomers can be 
copolymerized with various vinyl monomers 
such as styrene, methacrylate, and acrylamide. 
However, previous report has not 
demonstrated in detail the cross-linking 
behavior of poly-BCBMA based on the thermal 
isomerization of benzocyclobutene moiety in 
the side chain. Thus, the present authors 
synthesized the poly-BCBMA and the 
networked polymer via the cross-linking 
reaction followed by thermal isomerization. The 
authors also studied the thermal properties and 
cross-linking behavior of poly-BCBMA. 
 
Scheme 1. Thermal isomerization process of 




Nuclear magnetic resonance (NMR) spectra 
(400 MHz for 1H and 100 MHz for 13C) were 
recorded with a JEOL ECS-400 spectrometer 
(JEOL Ltd, Tokyo, Japan), and chemical shifts 
were recorded in ppm units using 
tetramethylsilane (TMS) as an internal standard. 
Gel permeation chromatography (GPC) was 
carried out on TOSOH HLC-8320 system 
equipped with two consecutive polystyrene gel 
columns [TSKgel guardcolumn SuperH-H (4.6 
mmI.D. x 3.5 cm, 4 μm particle size) and TSKgel 
SuperHM-H (6.0 mmI.D. x 15 cm, 3 and 5 μm 
particle sizes)] and refractive index and 
ultraviolet (254 nm) detectors at 40 ºC. The 
system was operated in THF as eluent at a flow 
rate of 0.6 mL/min. Polystyrene standards were 
employed for calibration. Differential scanning 
calorimetry (DSC) was carried out with a Seiko 
Instrument DSC-6200 (Seiko Instrument Inc., 
Chiba, Japan) using an aluminum pan under 
nitrogen flow at a heating rate of 10 ºC min−1. 
Thermogravimetric analysis (TGA) was 
performed on TG/DTA6200 thermal analyzer 
(Seiko Instrument Inc., Chiba, Japan) with 
aluminum pan under nitrogen flow at a heating 
rate of 10 ºC min−1. FTIR spectra were recorded 
on a Thermo Scientific Nicolet iS10 
spectrometer equipped with a Smart iTR 
diamond ATR sampling accessory in the range 
of 4000−650 cm-1. 
 
Materials 
Sodium nitrile, vinyl acetate, trifluoroacetic acid 
(TFA), trimethylamine (NEt3) and 2,2'-
Azobisisoobutyronitrile (AIBN) were purchased 
from Tokyo Chemical Industry (Tokyo, Japan). 
Anthranilic acid, trifluoroacetic acid, 
methacryloyl chloride, p-toluenesulfonic acid 
(p-TsOH), tetrahydrofuran (THF), 
methylethylketone (MEK), methanol, 
dichloromethane, and 1,2-dichloroethane were 
purchased from Wako Pure Chemical 
Corporation (Osaka, Japan). AIBN was 
recrystallized in methanol just before use. 
 





































































Isoamyl nitrite (40 ml, 300 mmol) was added 
dropwise over 10 min to an ice-cooled solution 
of anthranilic acid (27.4 g, 200 mmol) and 
trifluoroacetic acid (342 mg, 3 mmol) in THF 
(0.75 M) in an open beaker. The solution was 
stirred at 0 ºC for 1 h. Thereafter, the 
temperature was returned to room 
temperature and stirred for 2.5 hours. The 
reaction mixture was washed with THF until it 
was colorless, taking care not to completely dry 
the reaction mixture with a glass filter. The solid 
was further washed with 1,2-dichloroethane to 
displace the THF, and then transferred as a 
slurry in 1,2-dichloroethane (100 mL) to vinyl 
ether acetate (3 equive.).  
 
 
Scheme 2. Synthetic route of benzocyclobutene bearing methacrylate (BCBMA). 
This reaction mixture was stirred at reflux until 
it became a homogeneous solution and the gas 
evolution ceased (overnight). The solvent and 
excess vinyl acetate were removed by trap-to-
trap distillation and the product was collected 
by distillation to yield 9.8 g (64%) of 1-
benzocyclobutenyl 2-acetoxy ether as a 
colorless oil. 1-benzocyclobutenyl 2-acetoxy 
ether was added to a methanol solution (20 mL) 
containing p-TsOH (5 mol%) and stirred at room 
temperature for 12 h. The solution was 
evaporated, and 100 mL of water was added 
and washed with 100 mL of ether. 
Recrystallization from diethyl ether / hexane 
gave 1-hydroxybenzocyclobutene as a white 
solid in 87% yield. 1-hydroxybenzocyclobutene 
and methacryloyl chloride (2 equivalents) 
triethylamine (4 equiv.) were stirred with 
solvent dichloromethane in an ice bath for 30 
minutes and then at room temperature 
overnight. Purification by silica gel column 
chromatography gave a colorless, transparent 
liquid 1-benzocyclobutenyl methacrylate 
(BCBMA) in a yield of 82%. 1H NMR (400 MHz, 
CDCl3, 25 ºC) δ (ppm): 7.34-7.14 (m, 4H, −C6H4−), 
6.15 (br S, 1H, =C(H)H'), 5.97 (dd, 1H, −O−CH, J = 
4.6 and 1.8 Hz), 5.58 (quint., 1H, =C(H')H), 
3.68 (dd, 1H, −C(H)H'−, J = 14.5 and 4.6 Hz), 3.27 
(dd, 1H, −C(H')H−, J = 14.5 and 1.8 Hz), 1.97 (t, 
3H, −CH3). 13C NMR (100 MHz, CDCl3, 25 ºC) δ 
(ppm): 166.7, 144.0, 142.2, 135.7, 129.5, 127.1, 
125.3, 123.3, 122.7, 71.2, 38.2, 17.8. 
 
Radical polymerization of BCBMA 
BCBMA (2.00 mmol, 376 mg) and AIBN (3 mol% 
to BCBMA, 9.90 mg) were placed in a glass 
ampule equipped with a magnetic stir bar. MEK 
(2.00 ml) were added to the mixtures, and then 
the solution was degassed by three freeze-
evacuate-thaw cycles. After the ampule was 
sealed under vacuum, it was stirred at 60 ºC for 
12 h. After the mixtures were dissolved in a 
small amount of THF, it was purified by 
reprecipitation into a large excess of methanol, 
and the poly-BCBMA was dried under vacuum 
at room temperature (369 mg, 98%). 1H NMR 
(400 MHz, CDCl3, 25 ºC) δ (ppm): 7.27-7.13 (4H, 
−C6H4−), 5.80-5.65 (1H, −O−CH), 3.53-3.42 (1H, 
−C(H)H'−), 3.18-3.09 (1H, −C(H')H−), 1.98-1.87 
(3H, −CH3), 1.08-0.92 (2H, −CH2−). 
 




































































Poly-BCBMA (73.5 mg) was heated at 180 ºC for 
6 h under nitrogen atmosphere. The product 
was obtained as insoluble solid in solvents (72 
mg, 98%). 
 
RESULTS AND DISCUSSION 
Radical polymerization of BCBMA 
BCBMA was synthesized according to the 
synthetic route as shown in scheme 2,2,16,21 
namely, benzyne was derived from 
benzenediazonium carboxylate obtained by 
diazotizing anthranilic acid, and then 1-
acetoxybenzocyclobutene was synthesized by 
the addition of vinyl acetate. The obtained 1-
acetoxybenzocyclobutene was hydrolyzed with 
p-toluenesulfonic acid to synthesize 1-
hydroxybenzobutene. Finally, 1-
hydroxybenzocyclobute was reacted with 
methacryloyl chloride to obtain a methacrylate 
monomer having a benzocyclobutene structure, 
resulting in that the synthesis of 1-
benzocyclobutenyl methacrylate (BCBMA) was 
achieved in a yield of 85%. The radical 
polymerization of BCBMA was carried out in the 
presence of AIBN as an initiator in MEK at 60 ºC 
for 12 as shown in scheme 3. The resulting 
product was obtained as the white powder, and 
then the molecular weight (Mn) and degree of 
dispersion (Mw/Mn) of the obtained product 
were determined by GPC observed in THF as 
shown in figure 1. The Mn and Mw/Mn value of 
the obtained product were 10,000 and 2.2, 
respectively, meaning that the radical 
polymerization of BCBMA successfully 
proceeded under conditions as above and 




Scheme 3. Radical polymerization of BCBMA by 
using AIBN as initiator. 
 
 
Figure 1. GPC profiles, number-average molecular 
weight (Mn), degree of dispersion (Mw/Mn) of Poly-
BCBMA. 
 
Accordingly, the 1H NMR spectra before and 
after radical polymerization of BCBMA were 
observed in CDCl3 as shown in figure 2. The 
NMR spectrum after polymerization showed the 
broadening peaks compared to that before 
polymerization. The two proton signals due to 
the double bond of BCBMA, i.e. Ha’ and Hb’ (Fig. 
2), completely disappeared and the proton 
signal due to the aliphatic main chain, i.e. Ha 
and Hb, clearly appeared in the NMR spectrum 
after polymerization. Moreover, the peaks due 
to the three protons on the cyclobutene ring, 
which were observed after polymerization, 
were shifted to a high magnetic field compared 
to that before polymerization. This chemical 
shift behavior means that the electron density 
on the cyclobutene ring increased because the 
electron-withdrawing property on the 
methacrylate moiety decreased owing to the 
cancel of the conjugation on the methacrylate 
moiety together with polymerization. On the 
other hand, the chemical shift of the peaks due 
to the aromatic ring was never observed before 
and after polymerization, meaning that the 
electronic state on the aromatic ring was 
unaffected by the chemical transformation of 
the methacrylate moiety. Therefore, these 
results revealed that the polymethacrylate 




































































successfully synthesized by the radical 
polymerization of BCBMA. 
 
 
Figure 2. 1H NMR spectra of (a) BCBMA and (b) Poly-
BCBMA. 
 
Thermal properties of poly-BCBMA 
The DSC curve of poly-BCBMA was shown 
in figure 3a. The exothermic peak appeared 
at 194 ºC (Tmax) and also the peak was 
observed from 151 ºC (Tonset). This result 
suggested that the thermal isomerization 
of the benzocyclobutene moiety in the side 
chain gave rise to the dimerization of poly-
BCBMA around 190 ºC. Accordingly, the 
isomerization temperature of the 
benzocyclobutene moiety in the side chain 
was slightly low compared to that of non-
substituted benzocyclobutene owing to the 
introduction of methacrylate structure on 
the cyclobutene ring of BCB moiety.10,15 
The thermal decomposition behavior of 
poly-BCBMA was observed by TGA as 
shown in figure 3b. The thermal weight 
loss of poly-BCBMA was never observed 
around 220 ºC and the 10% weight loss 
temperature (Td10) was estimated at 284 ºC. 
This result indicated that the thermal 
isomerization of the benzocyclobutene 
moiety in the side chain happened without 
thermal decomposition of the main chain 
based on the methacrylate framework. Two 
exothermic peaks were also observed at 
276 ºC and 336 ºC by DSC measurement 
(Figure 3a, (i) and (ii), respectively). In the 
TGA trace, the two-step curve of the 
thermal decomposition was observed at 
315 ºC and 365 ºC before final 
decomposition of poly-BCBMA (Figure 3b, 
Td(i) abd Td(ii), respectively). The DTG trace 
exhibited the thermal decomposition 
temperature of first step at 287 ºC and 
second step at 325 ºC (Figure 3c, (i) and (ii), 
respectively). The results of thermal 
analysis suggested that two exothermic 
peaks observed by DSC measurement were 
assigned to the thermal decomposition of 
non-isomerized benzocyclobutene moiety 
in the side-chain and/or a part of the 
methacrylate moiety in the main-chain 
because the two exothermic peaks of DSC 
curve nearly accorded with the two 
thermal decomposition temperature 
observed by DTG trace. Furthermore, TGA 
trace suggested that the networked 
polymer containing the 
dibenzocyclooctadiene structure as a 
cross-linking moiety, which was 
constructed by the dimerization of poly-
BCBMA based on the thermal isomerization 
of the benzocyclobutene moiety in the side 
chain, was decomposed around 436 ºC and 
then completely decomposed at 475 ºC 






































































Figure 3. (a) DSC, (b) TGA, and DTG curves of 
poly-BCBMA. 
 
Synthesis of networked polymer based on the 
thermal isomerization of poly-BCBMA. 
The annealing of poly-BCBMA was carried out 
without catalyst at 180 ºC for 6 h to determine 
the structure of poly-BCBMA dimer prepared by 
the thermal isomerization of the 
benzocyclobutene moiety in the side chain. The 
obtained polymer was very hard solid and 
insoluble in any solvents, although poly-BCBMA 
before annealing was readily soluble in typical 
organic solvents such as chloroform, 
dichloromethane, tetrahydrofuran, toluene, 
acetone, N, N-dimethylformamide, dimethyl 
sulfoxide, and so on. This result suggested that 
the networked poly-BCBMA (NP-BCBMA) was 
prepared by the dimerization of poly-BCBMA 
based on the thermal isomerization of the 
benzocyclobutene moiety in the side chain. The 
structures of poly-BCBMA before and after 
annealing were confirmed by FTIR-ATR as 
shown in figure 4. The FTIR-ATR spectrum of 
poly-BCBMA after annealing (NP-BCBMA) 
showed the broadening peaks between 1300 
and 700 cm-1 compared to that before 
annealing. This peak region assigned to in-plane 
(δip) and out-of-plane (δoop) vibrations of C-H 
bond in the aromatic structure. The peak 
assigned to the methylene moiety (1455 cm-1) 
was also broadened after annealing because 
the peak region consisted of methylene 
moieties of the methacrylate structure in the 
main chain and the alicyclic structure in the side 
chain. On the other hand, the peaks assigned to 
methyl (1345 cm-1) and carbonyl (1725 cm-1) 
groups of the methacrylate moiety almost 
accorded before and after annealing of poly-
BCBMA. This result means that the 
dibenzocyclooctadiene structure was 
constructed with two units of 







































































Figure 4. FTIR-ATR spectra of (a) poly-BCBMA and (b) 
NP-BCBMA. δip: in-plane vibration, δoop: out-of-plane 
vibration. 
 
Moreover, the thermal properties of poly-
BCBMA before and after annealing were 
clarified by TGA as shown in figure 5. The 5% 
and 10% weight loss temperature (Td5 and Td10) 
of poly-BCBMA almost accorded before and 
after annealing. This result means that the poly-
BCBMA before annealing was cross-linked 
together with the construction of 
dibenzocyclooctadiene structure from 
intermolecular benzocyclobutene moieties 
during heating process less than 220 ºC. 
Therefore, these results indicated that poly-
BCBMA afforded the networked polymer 
containing the dibenzocyclooctadiene structure 
as a cross-linking moiety by the heat treatment 
as shown in scheme 4. 
 








BCBMA have been synthesized by conventional 
methods and then the methacrylate polymer 
bearing the benzocyclobutene moiety in the 
side chain was synthesized by radical 
polymerization. The structure of poly-BCBMA 
and NP-BCBMA was determined by 1H NMR and 
FTIR-ATR spectra and their thermal properties 
were also observed by DSC and TGA methods. 
The thermal isomerization of poly-BCBMA 




































































of non-substituted benzocyclobutene owing to 
the introduction of methacrylate structure on 
the cyclobutene ring of BCB moiety. 
Additionally, the weight loss of poly-BCBMA 
was never observed around isomerization 
temperature and the thermal decomposition 
behavior almost accorded before and after 
annealing. Therefore, NP-BCBMA containing the 
dibenzocyclooctadiene structure as a cross-
linking moiety was prepared by the heat 
treatment of poly-BCBMA.  
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Networked poly-BCBMA containing the dibenzocyclooctadiene structure as a cross-linking moiety was 
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